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ABSTRACT

Situations have frequently been
encountered where it is necessary to
re-establish control of a shipbuilding
contract when it has been lost. This
has to be done quickly, and requires a
conbination of an effective planni n?
and control sysemwith a conputer for
data processing. Expediency dictated
the use of readily available PCs and
proprietary software.

The approach adopted was found to be
robust and effective, and has been
used as a basis for devel opment of nore
formal planning and control systems.
These are now i n use asthe means of
planning and inplementing ship
product i on.

PLANNI NG AND CONTROL

The inportance of planning and control
to ship construction (and refitting) is
generally, if not universally,
accepted. There is a wealth of
literature on the subject and it maybe
questioned whether there is really nore
to be witten. As a preface to the
main theme of this paper, it is worth
re-stating a few fundanentals that the
authors regard as crucial to successful
pl anning and control. (1)

The first is to remenber that the
objective is to gain and keep control
of the project. That is, the plan
must be produced early enough to be
acted upon and the control system nust
give enough information to pernit
corrective action when necessary. This
system must have all the elenents of a
feedback loop (Figure 1). In practice,
one or nore elementsis often m ssing.

Secondly, as an extension of the
above, the control systemnmust be able
to operate in atmelymanner. This
ives rise to two requirenents. The
eedback of information nust be fast,
and it must be based on the conpletion
of work packages at their associated
work stations. In a shipbuilding

Figure 1
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The Standard represents planning.
The Sensor measures output.

The rest of the system provides control.

context "fast" inplies a timescale Of
weeks or days. Figure 2 indicates that
feedback which is not timely will be of
no value for the purpose of control,
and maymake a bad situation worse.

The measure of progress should be that
a work package is conplete or not.
This will result in marginally
understated progress, but wll avoid
often over-optimstic reports on
percentage conpletion.

Thirdly, the authors consider that a
hi erarchical planning system is
essential (2). This typically gives
three levels of PI anning, which
correspond to different tine horizons
and levels of detail.

Typically these
will b e :



Figure 2

DELAY IN

DEVI ATION FEEDBACK

System fluctuates without feedback.

System with feedback reaches stability.

System with delayed feedback has
increasing instability.

Strategic, covering all projects
and with a tinme horizon of years.

covering a project or
with a time horizon

Tacti cal ,
devel opnent,
of nont hs.

Detail, covering work stations,
with a time horizon of weeks.

These are deliberately |oose
definitions; in practice the hierarchy
nust be tailored to a particular
situation.

Finally, the system nmust be correlated
with accounting, so that managenent of
the work and of the costs are
synonynous. The accounting function is
required to nake precise allocation of
costs after conpletion of a project.
Managenment can accept inprecision, but
requires a continuous flow of
information during a project. These
obj ectives need not be in conflict (but
often are).

PROBLEMS

It has been the authors' experience
that, although the theory of planning
and control is well understood, in
practice actual control is often not
achieved. The lack of control does not
appear to be necessarily associated
wth the lack of, or the existence of,
a planning system A though shipyards
which operate with mnimm strategic

| evel planning usually have no control,
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systems with large volunes of data can
co-exist with an alnost total |ack of
control.

Where the systemis ninimal, work is
performed as it beconmes avail able.
Where the system is sophisticated,
mich of the effort is concentrated on
anending the plan to reflect

out-of -control  production.

At the risk of being repetitious, the
objective is to determine and then
achieve set goals; to be in control of
oper ations.

The nature of control has been usefully
defined by Ashby's law of requisite
variety (3). This puts forward the
concept of the variety of a given
system  Simply, the variety is a
function of the nunber of people,
nunber of interim products, and so on.
In order to manage a system the
variety available to the control system
nmust equal the variety inherent in the
system To the extent that this
matching of variety is not achieved,
the system (ie, shipyard) wll not be

under control. It is easy to see why a
linmted planning system does not match
production variety. It is |ess obvious

POWI a nore sophisticated system can
ail.

Figure 3 gives a sinple explanation.
Since a direct match of variety is not
achievable - it would require a
"manager" to stand over each worker -
variety nust be dealt with in some
other way. Two possibilities exist:

anplify the variety of the control
system

attenuate the variety of the
systemto be controlled.

Although this is a very sinple nodel,
it is powerful and effectively defines
any managenent situation.

Figure 3 shows two possible systens.
In the first, information from the
system is attenuated, so that only
that which is essential is passed to
management. The managenent infornmation
is then anplified, to give enough
variety to match production. This is
what should happen, and in practical
terms is represented by:

hi erarchi cal pl anning;

hi erarchical managenent:

standardi sation (of products and
nmet hods) ;

short duration work packages to
mnimse WP.



Figure 3

| M . :
Information from Manager (M is
amplified (V1) to match variety
of system (S). Information from
systemis attenuated ) to
allow manager to cope.

M

Attenuator and anplifier are in
wong parts of the feedback
| 00p.

In the second system the anplifier
and attenuator are reversed. Thus,
the information from the systemis
anplified. Typically, this is
represented by a conputer print-out
with thousands of line items and

different ways of sorting this
information which is presented to
senior managenent. Simlarly, the
management information is attenuated,

because it cannot keep pace with the
changing situation in production.
Planning (so-called) is reduced to an

attenFt to maintain a record of what is
actual ly happening in out-of-control
product i on.
Typi cal synptoms are:

over centralisation;

excess work in progress.
SCLUTI ONS

In the authors' and coll eagues'
experience situations are often
encountered where it is necessary
quickly to establish the status of a
shipbuilding or shiprepair contract.

To do so it is essential to be able to
use existing data relating to the
contract. This is usually in plentiful
supply but seldomin a coherent form
To be able to respond to such
situations methods were devel oped to
use readily available software (a
conputer is essential to carry out the
necessary analysis quickly). Although
the methods devel oped are essentially
sinple, because they nust be set up
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rapidly,
r obust
pur pose.

they have proved surprisi ngly
and accurate for their intended

In 1989 a conpany was set up within the
authors' Goup to build luxury yachts.
It was seen to be necessary to apply
systematic planni nrq and control for

| abour and materials. The opportunity
was taken to apﬁly the previous
experience in the application of

product orientated production systens
to shipbuilding activities. The system
whi ch has been devel oped as a result
provides facilities for planning and
progress nmonitoring, at various levels
of detail from contract to work
package, and for naterials control
from specification through procurenent
and issue to work packages. For
planning and progress nonitoring the
system 1 ncl udes:

and actual |abour

budget hours;

pl anned start and finish dates;

actual start and finish dates;
forecast to conpletion:
forecast of resource | oading.
For materials control, the system
i ncl udes:
material identification by ship
system

purchase requisition and orders;

material list for work packages;
mat erial receipt, storage and
i ssue status;

budget and actual expenditure.
The software was devel oped using a
proprietary database product for an
conpatible personal conputer. It is
menu driven, and uses custom sed input
screens to sinmplify the task of the
user. Since its introduction, the
system has been extended to additional
outfit activities in the original
shipyard and, nore recently, has been
introduced to another of the shipyards
whi ch undertakes nore large scale
contracts.

| BM

Success in planning and control of
shipbuilding activities is dependent
| east as much on the setting up of,
for exanple, work packages within a
coherent planning framework, as it is
on the control software. To date the
approach outlined bel ow shows
considerable promse of providing a
flexible and cost effective way of
managi ng ship production.

at



THE SYSTEM

System Requirenents

Key factors in the system design were:

It should support the principles
of Product Wrk Breakdown
Structure (PVBS) based production.
It should address the areas of
manhour planning, progress
nmonitoring and materials control,
which are felt by APA to be key
el ements of control.

It
so that
achi eved.

should be sinple to inplenent,
i medi ate benefits may be

The system should be intrinsically

"sinple" in concept, since the
scope for introducing conplexity
was endl ess a conscious effort was
made to "keep it sinple".

It should be sinple to use, so
that staff training is mninal.

It should be capable of running on

readily available hardware (IBM PC
or conpatible), allowing its
introduction In a smll way wth
the possibility of growh via a
Network of PCs if required.

It should be capable of allowng
ad-hoc enquiries and reports to
al |l ow maxi mum use of the
information contained wthin
system

t he

Material Identification and Procuremnent

Early in the life of the contract key
itenms of naterial and equipment may be
identified (by system). Thus begins
the devel opnent of the Materials List
by System (MS). As the contract
design evolves the M.S is refined and
updated with additional materials
gmd/or revised quantities and due
ates.

Items which have been added to the |ist
or have been anended are identified by
the conputer and a purchase approval
list, or nodification list, is
produced as appropriate for action by
the materials control function.

The materials controller assigns
purchase order nunbers for new
materi al s/ equi pnent or issues revisions
for anendments to orders which have

al ready been placed. The conputer
system produces draft purchase order
docunents which nmay be further word
processed if required before printing
and issue to the supplier. A Goods

Received Note (GRN) is also produced
for subsequent use by stores to record
receipt of the materials.
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The system will produce reports

identifying specific groups of nmaterial
or analyses, eg:
Itens requiring QC inspection on
receipt.
Expected delivery schedul e.
Committed costs by contract/
system
Expected cash outflow by nonth.
Materials control.
For production purposes the contract/

system breakdown of the initial
contract estimate is developed into a
product orientated breakdown and
planning units, stages and work
packages are identified.

The items within the M.S are
reclassified to identify the work
package to which materials belong. This
allows the production of work package

"kit lists".
In addition, the status of material by
work package, ie, ordered, received,

where stored,
l'ine.

may be enquired upon on

Labour Manhours

Tactical Planning. The initial
estimate 1s ship system orientated,
may be recorded within the conputer
system The estimate should be based
on a continuation of historic work
station productivity and realistic
plans for inprovenent.

and

Early in the life cycle of the contract
a series of planning units is
identified for the contract. The

nunber of planning units is to sone
extent dependent upon the type and size
of vessel planned; however, typically,
the contract would be broken down into
sone 150-300 planning units.

The ship system nanhour budget is
re-allocated over these planning units
by work type (skill). Thus typically
each planning unit would have a manhour
budget of the order of 5-6,000
manhours. Each planning unit is also

allocated a planned start and planned
finish date. This data is input to the
comput er system and used to forecast
initial manpower |oadings, to allow
early identification of possible

over | oads, etc.

Any necessary action is taken to
achi eve a bal anced and achi evabl e work

| oad, eg, adjustnment of planned
start/finish dates, planned increase
of available manhours, etc, and so a

realistic plan is deternined at
planning unit |level.



Detailed Planning. As the contract

progresses work packages are identified
within each planning unit and are
assigned a portion of the planning unit
manhour budget. Work package size is
typically enough work for a small team
for a period of 1-2 weeks, ie,

approxi mately 150-300 nmanhours. The
wor k package should be a readily
identifiable task whose conpleteness or
otherwise can be clearly deternined.

These details are input to the conputer
system which nonitors the allocation of
manhours to work packages to ensure
that gl obal manhour budgets by planning
unit are not exceeded.

Each work package as it is identified
is assigned a planned start and finish
date. It is possible if required to
identify all work packages at the
beginning of the contract, however a
nore normal approach is to identify
wor k packages some 4-6 weeks before
work I's due to begin and to ensure
materials are/will be available when
required.

The work package budgets and planned
start/finish dates are used to produce
more detailed forecasts of |abour

| oading by work type (skill) with a
(typical) six week horizon. This
allows the production of detailed
production schedules with (say) a four
week time horizon.

Since the overall |abour |oading has
been exami ned during the higher |evel
pl anning process at planning unit |evel
the labour loading at work package

| evel should in theory be broadly
acceptable. However 1Inevitably peaks
and troughs are encountered but since a
4-6 week advance warning of
unacceptabl e forecast |abour loading is
available early (corrective) action may
be taken (eg, subcontract,

reschedul e, planned overtine working,
etc). In this way any difficulties are
contained and do not detract from the
overall planning unit planned start and
finish dates which are ultinmately tied
to tinely contract conpletion.

Progress Recording and Perfornance

Mbniforing. AS WOrk progresses on
the work packages actual manhours used
are collected for each enployee by work
package and are recorded within the
computer system  Actual progress by
work package is also recorded (ideally
on a finished/not finished basis rather
than a percent conplete basis since
this elimnates any subjective
judgerments on the part of the foreman
or who-ever) and is entered into the
conputer system

The conputer system is then used to
report upon contract progress and
performance against budget at various
| evel s of detail:

Contract sunmary reports for
seni or managenent .

Planning unit summaries for
production management.

Work package detail for shop floor
super vi si on.

At all levels of detail the reports
concentrate on two key points:

Are we on schedul e?
Are we on budget?

by highlighting both overruns against
budget and deviations from planned
progress. Forecast manhours to

conpl ete based upon current actual
pertformance are also included, as a
basis for corrective action.

CONCLUSI ONS

The experience gained, in both

devel oping systens to establish control
and in their application, has
convinced the authors of a nunber of

i mportant points.

It is better to have planning that is
effective at a coarse level of detail
than ineffective in fine detail.

It is better to be approximately
correct early than precisely correct
too late.

It is essential that the system allows
corrective action to be taken.

Managenent efforts should be _
concentrated on establishing planning
units which allow these criteria to be

met, with data processing available to
speed the manipulation of information.
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